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1
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the Korean Patent
Application No. 10-2012-0053582 filed on May 21, 2012,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND

1. Field of the Invention

The present invention relates to a liquid crystal display
(LCD) device, and more particularly, to an LCD device hav-
ing the properties of reduced power consumption by being
driven with a low driving voltage, and a fast response time.

2. Discussion of the Related Art

Generally, since LCD devices are driven with a low oper-
ating voltage, LCD devices have low power consumption and
are used as portable devices. Accordingly, LCD devices are
widely applied to various fields such as notebook computers,
monitors, spacecrafts, airplanes, etc.

LCD devices include a lower substrate, an upper substrate,
and a liquid crystal layer formed therebetween. In LCD
devices, the alignment of liquid crystal in aliquid crystal layer
is adjusted with an electric field, and thus, light transmittance
of the LCD device is adjusted, thereby displaying an image.

LCD devices are variously developed in a twisted nematic
(TN) mode, a vertical alignment (VA) mode, an in-plane
switching (IPS) mode, or a fringe field switching (FFS) mode
depending on a scheme of adjusting the alignment of liquid
crystal.

Among the modes, the IPS mode and the FFS mode are
modes in which a plurality of pixel electrodes and common
electrodes are arranged on a lower substrate, and thus, the
alignment of liquid crystal is adjusted with electric fields
between the pixel electrodes and the common electrodes.

The IPS mode is a mode in which a plurality of pixel
electrodes and common electrodes are alternately arranged in
parallel, and thus, lateral electric fields are respectively gen-
erated between the pixel electrodes and the common elec-
trodes, thereby adjusting the alignment of liquid crystal. The
FFS mode is a mode in which a pixel electrode and a common
electrode is formed to be separated from each other with an
insulating layer therebetween, one of the pixel electrode and
common electrode is formed in a plate shape, and the other is
formed in a finger shape, thereby adjusting the alignment of
liquid crystal with fringe fields generated between the pixel
electrodes and the common electrodes.

Hereinafter, a related art IPS-mode LCD device will be
described with reference to FIG. 1.

FIG. 1 is a sectional view schematically illustrating the
related art IPS-mode LCD device.

As seen in FIG. 1, the related art IPS-mode LCD device
includes an upper substrate 10, a lower substrate 20, a sealant
30, and a liquid crystal layer 40.

A light blocking layer 12, a color filter layer 14, and an
overcoat layer 16 are sequentially formed on the upper sub-
strate 10.

The light blocking layer 12 prevents leakage of light to an
area other than a pixel area, and is formed in a matrix struc-
ture.

The color filter layer 14 is formed on the light blocking
layer 12, and includes a plurality of red (R), green (G), blue
(B) color filters.
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The overcoat layer 16 is formed on the color filter layer 14,
and planarizes a substrate.

An array layer 22, a plurality of pixel electrodes 24, and a
plurality of common electrodes 26 are formed on the lower
substrate 20.

The array layer 22 includes a plurality of gate lines (not
shown) and a plurality of data lines (not shown) which inter-
sect each other to define a plurality of pixel areas, and a
plurality of thin film transistors (TFTs) that are respectively
formed in the pixel areas defined by intersections of the gate
lines and data lines.

The pixel electrodes 24 are formed on the array layer 22,
and are electrically connected to the respective TFTs inside
the array layer 22.

The common electrodes 26 are formed on the array layer
22, and generate electric fields together with the pixel elec-
trodes 24 to drive the liquid crystal layer 30.

The sealant 30 is formed between the upper substrate 10
and the lower substrate 20. The upper substrate 10 is adhered
to the lower substrate 20 by the sealant 30.

The liquid crystal layer 40 is formed between the upper
substrate 10 and the lower substrate 20. In the liquid crystal
layer 40, alignment of liquid crystal is adjusted according to
adirection of an electric field generated by the pixel electrode
24 and the common electrode 26.

However, the related art IPS-mode LCD device has the
following limitations. Generally, it may be desired to drop a
driving voltage of an LCD device to reduce the power con-
sumption of the LCD device. The liquid crystal for the liquid
crystal layer 40 may be used to drop the driving voltage of the
LCD device when the absolute value of dielectric anisotropy
(Ae=c//-<1) of the liquid crystal is high. As an example,
when positive liquid crystal is used as the liquid crystal of the
liquid crystal layer 40, the driving voltage may be further
dropped in cases, where dielectric anisotropy (AE€) is 4, com-
pared with cases where dielectric anisotropy (A€) is 3. As
another example, when negative liquid crystal is used as the
liquid crystal of the liquid crystal layer 40, the driving voltage
may be further dropped in cases where dielectric anisotropy
(AE) is -4, compared with cases where dielectric anisotropy
(AS) is -3.

However, when the negative liquid crystal having a high
absolute value of dielectric anisotropy (AS=&//-€1) is used
for dropping a driving voltage, the rotational viscosity of the
liquid crystal may substantially increase and thus, the
response time of the liquid crystal may become slower.

SUMMARY

Accordingly, the present invention may provide an LCD
device that substantially obviates one or more problems due
to limitations and disadvantages of the related art. One aspect
of'the present invention may provide an LCD device having a
fast response time.

Additional advantages and features of the invention will be
set forth in part in the description which follows and in part
will become apparent to those having ordinary skill in the art
upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages
of'the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, an LCD device is provided that includes
first and second substrates facing each other; a sealant formed
between the first and second substrates, and adhering the first
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substrate to the second substrate; and a liquid crystal layer
formed between the first and second substrates, wherein the
liquid crystal layer includes liquid crystal and an additive
having a dipole moment characteristic when an electric field
is applied thereto. In this embodiment, size of the additive is
larger than size of a liquid crystal molecule such that a rota-
tion motion of the additive causes the liquid crystal molecule
to rotate.

In another embodiment, a liquid crystal display (LCD)
device includes first and second substrates facing each other;
a sealant formed between the first and second substrates, and
adhering the first substrate to the second substrate; a liquid
crystal layer formed between the first and second substrates
and including a plurality of liquid crystal molecules; and a
plurality of particles dispersed in the liquid crystal layer and
configured to rotate when an electric field is applied thereto
such that torque is transferred to the liquid crystal molecules
adjacent to each particle. In this embodiment, size of a liquid
crystal molecule is smaller than size of a particle.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a sectional view schematically illustrating a
related art IPS-mode LCD device;

FIG. 2 is a graph showing the changes in rotational viscos-
ity due to the changes in dielectric anisotropy of liquid crys-
tal;

FIG. 3A is a sectional view schematically illustrating an
LCD device according to an embodiment of the present
invention when an electric field is not applied thereto, and
relates to an IPS-mode LCD device;

FIG. 3B is a sectional view schematically illustrating an
LCD device according to an embodiment of the present
invention when an electric field is applied thereto, and relates
to an IPS-mode LCD device

FIG. 4A illustrates an alignment state of positive liquid
crystal when an electric field is applied thereto;

FIG. 4B illustrates an alignment state of negative liquid
crystal when an electric field is applied thereto;

FIG. 5 is a graph showing luminance changes in a case
using the positive liquid crystal and a case using the negative
liquid crystal; and

FIG. 6 is a sectional view schematically illustrating an
LCD device according to another embodiment of the present
invention, and relates to an FFS-mode LCD device.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. Hereinafter,
embodiments of the present invention will be described in
detail with reference to the accompanying drawings.
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FIG. 2 is a graph showing the relationship of dielectric
anisotropy and rotational viscosity of positive and negative
liquid crystal. The positive liquid crystal is liquid crystal
having a dielectric anisotropy (AG=&//-€.1) of positive (+)
value, namely, liquid crystal in which a horizontal permittiv-
ity (€//) is greater than a vertical permittivity (€1), and which
has a characteristic that director of the liquid crystal is aligned
in parallel to a direction of an electric field. Moreover, the
negative liquid crystal is liquid crystal having a dielectric
anisotropy (AE=c//-€ 1) of anegative, namely, liquid crystal
in which a horizontal permittivity (&//) is less than a vertical
permittivity (€1), and which has a characteristic that director
of the liquid crystal is aligned vertically to a direction of an
electric field.

As shown in FIG. 2, the higher the absolute value of dielec-
tric anisotropy, the higher the rotational viscosities of positive
liquid crystal and negative liquid crystal. Therefore, rota-
tional viscosity may affect the rotational motion of liquid
crystal based on a direction of an electric field applied thereto,
thereby changing the response time of the liquid crystal. For
example, since the negative liquid crystal is higher in the
increase rate of rotational viscosity than the positive liquid
crystal as shown in FIG. 2, the response time of the negative
liquid crystal may be more affected than that of the positive
liquid crystal.

FIG. 3A is a sectional view schematically illustrating an
LCD device according to an embodiment of the present
invention when an electric field is not applied thereto, and
relates to an IPS-mode LCD device. FIG. 3B is a sectional
view schematically illustrating an LCD device according to
an embodiment of the present invention when an electric field
is applied thereto, and relates to an IPS-mode L.CD device.

Asseenin FIG. 3A and 3B, the LCD device according to an
embodiment of the present invention includes a first substrate
100, a second substrate 200, a sealant 300, and a liquid crystal
layer 400. A light blocking layer 120, a color filter layer 140,
and an overcoat layer 160 are sequentially formed on the first
substrate 100. The light blocking layer 120 prevents leakage
of light to an area other than a pixel area, and is formed in a
matrix structure.

The color filter layer 140 is formed on the light blocking
layer 120, and includes a plurality of red (R), green (G), blue
(B) color filters. Depending on a case, the color filter layer
140 may additionally include a plurality of'yellow (Y) or cyan
(C) color filters, in which case the color filter layer 140
includes four types of color filters having different colors. The
overcoat layer 160 is formed on the color filter layer 140, and
planarizes a substrate. Although not shown, a column spacer
for maintaining a cell gap may be additionally formed on the
overcoat layer 160.

An array layer 220, a plurality of pixel electrodes 240, and
a plurality of common electrodes 260 are formed on the
second substrate 200. The array layer 220, although not spe-
cifically shown, includes a plurality of gate lines, and a plu-
rality of data lines, and a plurality of thin film transistors
(TFTs) that are respectively formed in a plurality of pixel
areas defined by intersections of the gate lines and data lines

The gate lines and the data lines intersect each other to
define a plurality of pixel areas. Each ofthe TFTs is connected
to a corresponding gate line and data line, and formed in a
corresponding pixel area. Each TFT may include a gate elec-
trode connected to a corresponding gate line, a semiconductor
layer acting as an electron transfer channel, a source electrode
connected to the data line, a drain electrode facing the source
electrode, and a passivation protecting the source electrode
and the drain electrode. Each TFT may be formed in a bottom
gate structure in which the gate electrode is disposed under
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the semiconductor layer, or a top gate structure in which the
gate electrode is disposed over the semiconductor layer. Vari-
ous other constructions of the array layer 220 are available.

The pixel electrodes 240 are formed on the array layer 220,
and are electrically connected to the respective TFTs inside
the array layer 220. The common electrodes 260 are formed
on the array layer 220, and generate electric fields together
with the pixel electrodes 240 to drive liquid crystal 410 in the
liquid crystal layer 400. The pixel electrodes 240 and the
common electrodes 260 are alternately arranged to generate
lateral electric fields. The pixel electrodes 240 and the com-
mon electrodes 260, as illustrated, may be arranged on the
same layer or on different layers.

The sealant 300 is formed between the first substrate 100
and the second substrate 200. The first substrate 100 is
adhered to the second substrate 200 by the sealant 300. The
liquid crystal layer 400 is formed between the first substrate
100 and the second substrate 200. The liquid crystal layer 400
includes the liquid crystal 410 and an additive 420. Alignment
of'the liquid crystal 410 is adjusted according to a direction of
electric fields generated by the pixel electrodes 240 and the
common electrodes 260.

The liquid crystal 410 may comprise positive liquid crystal
having a dielectric anisotropy (AS=C//-€1) of a positive (+)
value, or negative liquid crystal having a dielectric anisotropy
(Ae=c//-1) of a negative (-) value. Considering lumi-
nance characteristics of LCD devices, it may be preferable
that the liquid crystal 410 may comprise the negative liquid
crystal. For instance, a liquid crystal display device using the
negative liquid crystal may achieve better luminance than a
liquid crystal display device using the positive liquid crystal.
This will be described in detail below.

FIG. 4A illustrates an alignment state of positive liquid
crystal when an electric field is applied thereto. FIG. 4B
illustrates an alignment state of negative liquid crystal when
an electric field is applied thereto.

As seen in FIG. 4A, the positive liquid crystal has a char-
acteristic in which director of the positive liquid crystal is
aligned in parallel to a direction of an electric field. Thus,
when an electric field is generated between the pixel electrode
240 and the common electrode 260, a director of a liquid
crystal molecule 410¢ in an area between the pixel electrode
240 and the common electrode 260, which is not overlapped
with the pixel electrode 240 and the common electrode 260, is
aligned in parallel to a horizontal plane of a substrate. But,
when an electric field is generated between the pixel electrode
240 and the common electrode 260, a director of liquid crystal
molecules 4105 in respective areas above the pixel electrode
240 and common electrode 260, which are overlapped with
the pixel electrode 240 and the common electrode 260, is
aligned to be tilted at a certain angle with respect to the
horizontal plane of the substrate. Like this, when director of
liquid crystal is aligned to be tilted at a certain angle with
respect to the horizontal plane of the substrate, light transmit-
tance is reduced in a corresponding area.

Moreover, as seen in FIG. 4B, the negative liquid crystal
has a characteristic in which director of the negative liquid
crystal is aligned vertically to a direction of an electric field.
Thus, when an electric field is generated between the pixel
electrode 240 and the common electrode 260, a director of a
liquid crystal molecule 410a in an area between the pixel
electrode 240 and the common electrode 260 and a director of
liquid crystal molecules 4105 in respective areas above the
pixel electrode 240 and common electrode 260 are aligned in
parallel to the horizontal plane of the substrate. Accordingly,
the negative liquid crystal may enhance light transmittance
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compared with the positive liquid crystal, thus showing a
relatively better luminance characteristic.

FIG. 5 is a graph showing luminance changes in a case
using the positive liquid crystal and a case using the negative
liquid crystal. In FIG. 5, it can be seen that a case using the
negative liquid crystal shows better luminance than a case
using the positive liquid crystal, and particularly, shows better
luminance in an area directly above each of the pixel electrode
and common electrode. In addition, using the negative liquid
crystal may be more effective in a liquid crystal display
device having a tight space between pixel electrodes and
common electrodes as the negative liquid crystal can still
properly rotate to transmit light directly above each of the
pixel electrode and common electrode.

As described above, when the liquid crystal 410 has a high
absolute value (IAEI) of dielectric anisotropy, a driving volt-
age can be dropped, thus reducing power consumption. Con-
sidering such advantages, the absolute value (IA€l) of dielec-
tric anisotropy of the liquid crystal 410 may be 2 or more. For
example, when the absolute value (IA€]) of dielectric anisot-
ropy of the liquid crystal 410 is less than 2, the driving voltage
increases, causing an increase in power consumption.

Here, dielectric anisotropy (AE€) is a value which has been
measured by using an electrical signal having a frequency of
1 kHz at a temperature of 20° C. In the specification to be
described later, dielectric anisotropy, a vertical permittivity,
or a horizontal permittivity is also a value measured in the
same condition.

Moreover, as the absolute value (IA€|) of dielectric anisot-
ropy of the liquid crystal 410 increases, the rotational viscos-
ity of the liquid crystal 410 increases, and thus, a response
time of an LCD device increases. However, according to the
present invention, the additive 420 aids in the rotational
motion of the liquid crystal 410, thereby enhancing a
response time.

However, although the additive 420 helps to reduce the
response time, if the absolute value (IA€l) of dielectric anisot-
ropy of the liquid crystal 410 is excessively high, it may
become difficult to enhance the response time with the aid of
the additive 420. For this reason, the absolute value (IA€]) of
dielectric anisotropy of the liquid crystal 410 may be 20 or
less. That is, if the absolute value (IA€l) of dielectric anisot-
ropy of the liquid crystal 410 exceeds 20, it cannot be
expected to reduce the response time of liquid crystal.

A material expressed by the following Formula 1 may be
used as the negative liquid crystal 410, but is not limited
thereto.

RI1-A-R2 [Formula 1]

where each of R1 and R2 is hydrogen (H), an alkyl group, an
alkoxy group, an alkenyl group CN, F, Cl, CF;, OCF;, S, or
NCS. A is alky] —COO—, —CF,0—,
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-continued
:<< F
F
a bonding structure of two or more different compounds

thereof, a bonding structure of two or more same compounds
thereof, or a repeating unit of the bonding structure.

As a detailed example of the negative liquid crystal 410,
each of compounds expressed by the following Formulas 2 to
4 may be used, but are not limited thereto.

[Formula 2]
F F
R@_@i )
[Formula 3]
F F
R R’
[Formula 4]
F F

where each of R and R' is hydrogen, an alkyl group, an alkenyl
group, or an alkoxy group.

Moreover, each of materials expressed by the following
Formulas 5 to 7 may be used as the positive liquid crystal 410,
but are not limited thereto.

[Formula 5]
F F
¢ o Q '
F F
[Formula 6]
F F
N O O O o !
F F
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[Formula 7]
F
¢ @_Q o '
F

where R is hydrogen, an alkyl group, an alkenyl group, or an
alkoxy group.

As described above, the additive 4201 may enhance the
response time of the liquid crystal 410. Specifically, by using
liquid crystal having a high absolute value of dielectric
anisotropy, the driving voltage is dropped, thus reducing
power consumption. Also, the additive 420 can compensate
for the delay of a response time due to the use of liquid crystal
with high absolute value of dielectric anisotropy.

The additive 420 includes particles having a dipole
moment characteristic when an electric field is applied
thereto. Specifically, when the additive 420 having the dipole
moment characteristic by the electric field applied thereto is
added into the liquid crystal layer 400, strong torque occurs in
the additive 420 in applying an electric field for driving an
LCD device, and thus, liquid crystal molecules 410 near the
additive 420 can be more easily rotated by the strong torque.
Also, due to the torque occurring in the additive 420, the same
or similar torque occurs in each of the liquid crystal molecules
410 near the additive 420, thereby enabling the easier rotation
of the liquid crystal molecules 410.

The particle having the dipole moment characteristic by
the electric field applied thereto may comprise ZrO, particle,
and particularly, ZrO, particle having a nano size.

Especially, the particles included in the additive 420 may
have an average diameter of 5 nm to 100 nm. Here, the
average diameter denotes an average of the minimum diam-
eter and maximum diameter of particles.

When the average diameter of the particles is less than 5
nm, the response time of liquid crystal cannot be reduced
because a particle size is excessively small. When the average
diameter of the particles is more than 100 nm, the particles
cannot uniformly be distributed inside the liquid crystal layer
400, and also, transmittance of an LCD device can be
reduced.

The size of the additive 420 may be larger than size of a
liquid crystal molecule 410 such that a rotation motion of the
additive 420 causes the liquid crystal molecule 410 to rotate.
The liquid crystal molecule 410 may have a size of20t0 30 A.

Moreover, the additive 420 may be added by 0.1 wt % to 5
wt % of entire weight of the liquid crystal layer 400.

When the additive 420 is added by less than 0.1 wt % of
entire weight of the liquid crystal layer 400, the response time
of the liquid crystal 410 cannot be reduced by the additive
420. On the other hand, when the additive 420 is added by
more than 5 wt % of entire weight of the liquid crystal layer
400, light transmittance can be reduced.

The above-described LCD device is illustrated as an
example of IPS-mode LCD devices, and the IPS-mode LCD
device according to the present invention is not limited to the
structure. IPS-mode LCD devices having various structures,
known to those skilled in the art using the liquid crystal layer
400 containing the additive, may be within the scope of the
present invention.

FIG. 6 is a sectional view schematically illustrating an
LCD device according to another embodiment of the present
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invention, and relates to an FFS-mode LCD device. Except
that the pixel electrode 240 and common electrode 260 gen-
erating an electric field for driving the liquid crystal 410 are
changed in structure, the LCD device of FIG. 6 is the same as
the above-described LCD device of FIG. 3. Accordingly, like
reference numerals refer to like elements, and thus, a repeti-
tive description on the same element is not provided. As seen
in FIG. 6, the array layer 220 is formed on the second sub-
strate 200, the common electrodes 260 are formed on the
array layer 220, an insulating layer 250 is formed on the
common electrodes 260, and the pixel electrodes 240 are
formed on the insulating layer 250.

In detail, the pixel electrodes 240 are formed on the upper
surface of the insulating layer 250, and the common elec-
trodes 260 are formed under the lower surface of the insulat-
ing layer 250. The pixel electrodes 240 respectively include a
plurality of slits 241, and are substantially formed in a finger
shape. The common electrodes 260 are substantially formed
in a plate shape. Thus, fringe fields are generated through the
slits 241 of the pixel electrodes 240, and adjust an alignment
direction of the liquid crystal 410.

The insulating layer 250 may be formed of an inorganic
insulator such as silicon nitride or silicon oxide, but is not
limited thereto. As another example, the insulating layer 250
may be formed of an organic insulator such as an acryl-based
polymer. The insulating layer 250 may be formed in a double-
layer structure of an inorganic insulator and an organic insu-
lator.

Although not shown, a common electrode including a plu-
rality of slits may be formed on the upper surface of the
insulating layer 250, and a pixel electrode in a plate shape
may be formed in plurality under the lower surface of the
insulating layer 250.

The above-described LCD device is illustrated as an
example of FFS-mode LCD devices, and the FFS-mode LCD
device according to the present invention is not limited to the
structure. FFS-mode L.CD devices having various structures,
known to those skilled in the art using the liquid crystal layer
400 containing the additive, may be within the scope of the
present invention.

In the above-described LCD device, it has been described
above that the pixel electrodes and the common electrodes are
formed on the same substrate. However, as another example,
the technical features of the present invention may be applied
to a mode (for example, a VA mode or a TN mode) in which
the pixel electrodes and the common electrodes are formed on
different substrates. This example may also be within the
scope of the present invention.

According to the embodiments of the present invention, by
adding the additive including the particles having the dipole
moment characteristic when an electric field is applied
thereto into the liquid crystal layer, the response time of the
liquid crystal can be reduced.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display (LCD) device, comprising:

first and second substrates facing each other;

a sealant formed between the first and second substrates,
and adhering the first substrate to the second sub-
strate; and
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a liquid crystal layer formed between the first and second
substrates,

wherein the liquid crystal layer comprises a mixture of
liquid crystal and an additive having a dipole moment
characteristic when an electric field is applied thereto,
the liquid crystal being negative liquid crystal, the addi-
tive having non-liquid crystal material properties.

2. The LCD device of claim 1, wherein an average diameter
of the additive is 5 nm to 100 nm.

3. The LCD device of claim 1, wherein the additive is
added by 0.1 wt % to 5 wt % of entire weight of the liquid
crystal layer.

4. The LCD device of claim 1, wherein the liquid crystal
has an absolute value (IAEl) of dielectric anisotropy in the
range of 2 to 20.

5. The LCD device of claim 1, wherein the additive com-
prises ZrO, particles.

6. The LCD device of claim 1, wherein the liquid crystal
includes a plurality of liquid crystal molecules and wherein
size of the additive is larger than size of each one of the liquid
crystal molecules such that a rotation motion of the additive
causes the liquid crystal molecules to rotate.

7. The LCD device of claim 1, wherein a plurality of pixel
electrodes and common electrodes for driving the liquid crys-
tal are formed on the first substrate.

8.The LCD device of claim 7, wherein the plurality of pixel
electrodes and common electrodes are alternatively arranged
to generate lateral electric fields.

9. The LCD device of claim 7, wherein the plurality of pixel
electrodes and common electrodes are disposed in the same
layer on the first substrate.

10. The LCD device of claim 7, wherein the plurality of
pixel electrodes and common electrodes are disposed in dif-
ferent layers on the first substrate.

11. The LCD device of claim 1, wherein the negative liquid
crystal has a material expressed by the following formula:

wherein each of R and R' is hydrogen, an alkyl group, an
alkenyl group, or an alkoxy group.

12. The LCD device of claim 1, wherein the negative liquid
crystal has a material expressed by the following formula:

wherein each of R and R' is hydrogen, an alkyl group, an
alkenyl group, or an alkoxy group.



US 9,280,022 B2
11

13. The LCD device of claim 1, wherein the negative liquid
crystal has a material expressed by the following formula:

wherein each of R and R' is hydrogen, an alkyl group, an
alkenyl group, or an alkoxy group.

14. A liquid crystal display (LCD) device, comprising:

first and second substrates facing each other;

a sealant formed between the first and second substrates, 15
and adhering the first substrate to the second substrate;

a liquid crystal layer formed between the first and second
substrates and including a plurality of liquid crystal mol-
ecules, the plurality of liquid crystal molecules being
negative liquid crystal molecules; and 20

a plurality of particles dispersed in the liquid crystal layer
and configured to rotate when an electric field is applied
thereto such that torque is transferred to the liquid crys-
tal molecules adjacent to each particle, wherein the plu-
rality of particles have non-liquid crystal material prop- 25
erties.

15. The LCD device of claim 14, wherein the particles have

a dipole moment characteristic.

16. The LCzzD device of claim 14, wherein size of a liquid
crystal molecule is smaller than size of a particle. 30
17. The LCD device of claim 14, wherein the particles

comprise ZrO, particles.
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